(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



EP 1 170 611 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

09.01.2002 Bulletin 2002/02 

(21) Application number: 01116142.9 

(22) Date of filing: 03.07.2001 



(51) lntCl7: G02B 6/38 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 04.07.2000 JP 2000202163 

(71) Applicant: Yazakl Corporation 
Mlnato-ku, Tokyo 108-0073 (JP) 



(72) Inventors: 

• Matsushita, Junlchl, c/o Yazakl Corporation 
Susono-shi, Shlzuoka 410-1107 (JP) 

• Serizawa, Naoshl, c/o Yazakl Corporation 
Susono-shl, Shlzuoka 410-1107 (JP) 

(74) Representative: Vlerlng, Jentschura & Partner 
Postfach 2214 43 
80504 Munchen (DE) 



(54) Sleeve and a manufacturing method thereof 

(57) A sleeve for an optical connector and a method 
of manufacturing the sleeve is provided. The sleeve is 
put between an optical fiber 6 and a transmitting module 
4b or between an optical fiber 6 and a receiving module 
4a so as to optically connect the optical fiber 6 and the 
transmitting or receiving module. The sleeve 1 integrally 
has a light-leading path 26 in a flat-headed conic shape, 
a peripheral projecting portion 27, an outer tube portion 
28. A small-diameter end face 29 of the light-leading 



path 26 of the sleeve 1 faces the transmitting device 4b 
or the receiving device 4a. The peripheral projecting 
portion 27 projects from a peripheral surface of the other 
end portion 30, on a side of a larger diameter, of the 
light-leading path 26. The outer tube portion 28 is cylin- 
drical^ formed and extends from a peripheral portion of 
the peripheral projecting portion 27. The outer tube por- 
tion 28 extends over an entire length of the light-leading 
path 26 along an optical axis P. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

[0001] The present invention relates to a sleeve and 
an optical connector having the sleeve, which sleeve is 
put between an optical fiber and a transmitting module 
or between an optical fiber and a receiving module so 
as to optically connect the optical fiber and the transmit- 
ting or receiving module. 

2. Description of the Related Art 

[0002] An optical connector having a sleeve between 
an optical fiber and a transmitting module and between 
an optical fiber and a receiving module is disclosed in 
Japanese Utility Modes Registration Application Laid- 
open No.6-33443. 

[0003] The optical connector has a sleeve having a 
light-leading path with a constant diameter along an op- 
tical axis. Therefore, when a light- receiving surface of 
the receiving module is smaller than the light-emitting 
surface of the sleeve, a part of signal light transmitted 
through the optical fiber could not be received by the 
receiving module, thereby lowering the transmission ef- 
ficiency. 

[0004] When a light emitting diode (LED) is used as 
a transmitting module, the light emitted by the light emit- 
ting diode diffuses, and a part of the light emitted by the 
light emitting diode could not enter the light-leading path 
of the sleeve. 

[0005] An optical connector, shown in FIG.11, dis- 
closed in Japanese Patent Application Laid-open No. 
2000-304980 has a higher transmission efficiency of the 
signal light. The optical connector 102 in FIG.11 has a 
receptacle 103 (an equipment-side connector) and a 
non-shown optical plug to couple the receptacle 103. 
[0006] The receptacle 103 has a housing 107 of syn- 
thetic resin, transmitting and receiving modules 104 and 
a pair of sleeves 101 . The housing 107 is formed in a 
box -shape and has a pair of accommodating cambers 
108 opening in the external wall. And, the housing 107 
couples with the optical plug shown in FIG.11 . 
[0007] The transmitting and receiving modules 104 
are accommodated in the respective chambers 108. A 
pair of sleeves 101 are installed in the housing 107. The 
sleeve 101 has a light-leading path 126 in a flat-headed 
conic shape 126. 

[0008] One sleeve 1 01 is arranged between the opti- 
cal fiber of the optical plug and the light-emitting surface 
the transmitting module 104, and the other sleeve 101 
is arranged between the other optical fiber of the optical 
plug and the light-receiving surface of the receiving 
module 104 in the housing 107. The sleeve 101 is ar- 
ranged in the housing 1 07 in a state that the light-leading 
path 126 reduces its diameter toward the transmitting 



or receiving module 104. 

[0009] And, a cap 1 1 0 is attached to the housing 1 07 
after accommodating the transmitting and receiving 
modules 104 in the chambers 108. 

5 [0010] The optical plug has a pair of optical fibers, a 
pair of ferrules, and the plug housing. The pair of optical 
fibers are arranged in parallel. Each ferrule covers the 
optical fiber in a state of the end face of the optical fiber 
being exposed. The plug housing accommodates the 

10 ferrule and couples with in the housing. 

[0011] In the optical connector 102, the signal light 
from the optical fiber proceeds in the light-leading path 
126 while making total reflections on the side portion 
1 25 and gathering as approaching the receiving module 

15 104. 

[0012] On the other hand, when the signal light from 
the transmitting module 104 is transmitted through the 
sleeve 101, the light-leading path 126 with the tapered 
side surface can prevent the light from scattering, there- 
to by improving the transmission efficiency. 

[001 3] With respect to the above prior art optical con- 
nector 102, however, since the sleeve 101 is accommo- 
dated in the housing 1 07 in a state that the light-leading 
path 126 reduces its diameter toward the transmitting 
25 or receiving module 1 04. Therefore, it would be difficult 
to secure the sleeve 101 in the housing 107 such that 
the sleeve 101 can optically connect the optical fibers 
and the respective transmitting and receiving modules 
104. 

30 [0014] The above structure requires not a little man- 
hour for its assembly work thereby increasing the cost. 
And also, since the transmitting and receiving modules 
104 can not necessarily be optically secured with the 
optical fibers, the transmission efficiency of the signal 
35 light would be lowered. Further, the sleeve 101 would 
slip off to an extent of releasing the optical connection. 
[0015] In view of the foregoing, an object of the 
present invention is to provide a sleeve and a manufac- 
turing method of the sleeve, wherein the transmission 
40 efficiency of the optical connector can be improved and 
the cost of the optical connector can be reduced with its 
easier assembly work. 

SUMMARY OF THE INVENTION 

45 

[001 6] In order to achieve the above object, as a first 
aspect of the present invention, a sleeve arranged be- 
tween an optical fiber and a transmitting or receiving 
module for optically connecting the optical fiber and the 
50 transmitting or receiving module comprises: a light-lead- 
ing path being in a flat-headed conic shape having a 
small-diameter end face facing the transmitting or re- 
ceiving module; a peripheral projecting portion project- 
ing in a radial direction from another end portion, being 
55 on a side of the optical fiber, of the light-leading path; 
and an outer tube portion extending in an optical axis 
direction of the light-leading path from a peripheral por- 
tion of the peripheral projecting portion toward the small- 
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diameter end face while covering an entire length of the 
light-leading path. 

[0017] As a second aspect of the present invention, 
based on the first aspect, the peripheral projecting por- 
tion is circularly formed coaxially with the light-leading 5 
path, and the outer tube portion is cylindrically formed 
coaxially with the light-leading path. 
[0018] As a third aspect of the present invention, 
based on the second aspect, an outside diameter of the 
outer tube portion is equally formed over an entire length w 
of the light-leading path. 

[0019] As a fourth aspect of the present invention, 
based on the first aspect, the outer tube portion has a 
flange projecting circularly in a radial direction from a 
peripheral surface thereof. 15 
[0020] As a fifth aspect of the present invention, 
based on the first aspect, a lens is formed integrally with 
said another end portion of the light-leading path con- 
vexly toward the optical fiber. 

[0021] As a sixth aspect of the present invention, 20 
based on the fifth aspect, the lens does not project over 
an optical fiber side end of the outer tube portion. 
[0022] As a seventh aspect of the present invention, 
based on the first aspect, an end face of said another 
end portion of the light-leading path is a light-receiving 25 
surface to receive light transmitted by the optical fiber, 
and a diameter of the light-receiving surface is larger 
than a diameter of a light-emitting surface being an end 
face of the optical fiber. 

[0023] As an eighth aspect of the present invention, 30 
based on the first aspect, the small-diameter end face 
of the light-leading path is a light-emitting surface to emit 
lighttransmittedtothe receiving module, and a diameter 
of the light-emitting surface is smaller than a diameter 
of a light-receiving surface of the receiving module. 35 
[0024] As a ninth aspect of the present invention, 
based on any one of the first to sixth aspects, the small- 
diameter end face of the light-leading path is a light-re- 
ceiving surface to receive light transmitted from the 
transmitting module, and a diameter of the light-receiv- 40 
ing surface is larger than a diameter of a light-emitting 
surface of the transmitting module. 
[0025] As a tenth aspect of the present invention, a 
method of manufacturing a sleeve arranged between an 
optical fiber and a transmitting or receiving module for *5 
optically connecting the optical fiber and the transmitting 
or receiving module, wherein the sleeve comprises: a 
light-leading path being in a flat-headed conic shape 
having a small-diameter end face facing the transmitting 
or receiving, module; a peripheral projecting portion pro- so 
jecting circularly in a radial direction from another end 
portion, being on a side of the optical fiber, of the light- 
leading path; and an outer tube portion extending in an 
optical axis direction of the light-leading path from a pe- 
ripheral portion of the peripheral projecting portion to- 55 
ward the small-diameter end face while covering an en- 
tire length of the light-leading path, comprising the step 
of: setting a first metal mold having a first molding por- 



tion being along an external shape of said another end 
portion of the light-leading path of the sleeve and along 
an external shape of the outer tube portion and a second 
metal mold having a second molding portion made of 
hard material and being along an inner surface of the 
outer tube portion and along a peripheral surface of the 
light-leading path. 

[0026] According to the above-described structures of 
the present invention, the following advantages are pro- 
vided. 

(1) Owing to the peripheral projecting portion and 
the outer tube portion, the optical connector can be 
assembled in a state that the sleeve is accommo- 
dated and positioned in the mediating pipe of the 
housing, thereby improving productivity of the opti- 
cal connector with the sleeve and reducing the cost 
thereof by reducing man-hour for the assembly 
work and simplifying the manufacturing process. 
And, because the outer tube portion extends over 
the entire length of the light-leading path, the sleeve 
can be prevented from deflecting in the mediating 
pipe, thereby improving the transmission efficiency 
between the sleeve and the optical fiber, the sleeve 
and the transmitting device, and the sleeve and the 
receiving device; that is, improving the transmission 
efficiency of the optical connector with the sleeve. 

(2) Because the outer tube portion is coaxially and 
cylindrically formed similarly to the light-leading 
path, the sleeve can be securely assembled to the 
mediating pipe only by accommodating the sleeve 
into the mediating pipe and can be prevented from 
deflecting in the mediating pipe, thereby improving 
productivity of the optical connector with the sleeve, 
reducing the cost thereof, and improving the trans- 
mission efficiency of the optical connector with the 
sleeve. 

(3) Because the outside diameter of the outer tube 
portion is formed equally in a longitudinal direction 
thereof, the sleeve can be more securely positioned 
only by accommodating it in the mediating pipe of 
the housing, thereby improving productivity of the 
optical connector with the sleeve, reducing the cost 
thereof, and improving the transmission efficiency 
of the optical connector with the sleeve. 

(4) The flange portion projecting from the peripheral 
surface of the outertube portion abuts an inside por- 
tion of the housing, the sleeve accommodated in the 
housing can be more securely positioned, thereby 
improving the transmission efficiency of the optical 
connector with the sleeve. 

(5) Because an influence of an axial or radial de- 
flection between the optical fiber and the sleeve can 
be reduced, The transmission efficiency can be im- 
proved. 

(6) Because the lens dose not projects over the out- 
er tube portion, the lens can be protected by the out- 
er tube portion, thereby facilitating the production 



3 



5 



EP1 170 611 A2 



6 



management. 

(7) Because the diameter of the light-receiving sur- 
face of the light-leading path is larger than that of 
the light-emitting surface of the optical fiber, the 
light-receiving surface of the light-leading path can 
receive the light as much as possible, thereby fur- 
ther improving the transmission efficiency. 

(8) Because the diameter of the light-emitting sur- 
face of the light-leading path is smaller than that of 
the light-receiving surface of the receiving module, 
the light-receiving surface of the receiving module 
can receive the light as much as possible, thereby 
further improving the transmission efficiency. 

(9) Because the diameter of the light-receiving sur- 
face of the light-leading path is larger than the light- 
emitting surface of the transmitting module, the 
light-receiving surface of the light-leading path can 
receive the light as much as possible, thereby fur- 
ther improving the transmission efficiency. 

(10) Because the second molding portion, formed 
relatively thin, along the inner surface of the outer 
tube portion of the second metal mold and the pe- 
ripheral surface of the light-leading path is made of 
the hard material, the sleeve can be molded secure- 
ly. And, owing to the outer tube portion, the optical 
connector can be assembled in a state that the 
sleeve is accommodated and positioned in the me- 
diating pipe of the housing. And, because the outer 
tube portion extends over the entire length of the 
light-leading path, the sleeve can be prevented from 
deflecting in the mediating pipe. Therefore, the 
sleeve enabling the optical connector to reduce the 
cost and to improve the transmission efficiency can 
be obtained. 

[0027] The above and other objects and features of 
the present invention will become more apparent from 
the following description taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

FIG.1 is a plan view showing an optical connector 
having an embodiment of a sleeve in accordance 
with the present invention; 
FIG.2 is a sectional view of the optical connector 
shown in FIG.1; 

FIG.3 is a side view showing an embodiment of the 
sleeve in accordance with the present invention; 
FIG.4 is a sectional view of the sleeve, taken along 
a line IV-IV in FIG.3; 

FIG.5 is a sectional view of the sleeve, taken from 
an arrow V in FIG.3; 

FIG.6 is a sectional view of the sleeve, taken from 
an arrow VI in FIG.3; 

FIG.7 is a sectional view showing a state of trans- 



mitting the light from an optical fiber to a receiving 
device through the sleeve shown in FIG.3; 
FIG.8 is a sectional view showing a state of trans- 
mitting the light from a transmitting device to an op- 
tical fiber through the sleeve shown in FIG.3; 
FIG .9 is a scheme showing a state of transmitting 
the light shown in FIG.8, which light should be con- 
ventionally larger than the critical angle; 
FIG. 1 0 is a sectional view showing a part of a metal 
mold unit used for molding the sleeve shown in FIG. 
3; and 

FIG.1 1 is an exploded perspective view showing a 
structure of a prior art optical connector. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

(S) 

[0029] An embodiment of the present invention will 
now be described in further detail with reference to the 
accompanying drawings. A sleeve 1 as an embodiment 
of the present invention shown, for example, in FIG.3 is 
used in an optical connector 2 shown in FIG. 1 and FIG. 
2. 

[0030] The optical connector 2, as shown in FIG.1 and 
FIG.2, has a receptacle (an equipment-side connector) 
3 and an optical plug (an optical fiber-side connector) 5. 
The optical plug 5 has a pair of optical fibers 6 arranged 
in parallel, a pair of ferrules 15, a plug housing 17, and 
a spring cap 18. 

[0031] Each optical fiber 6, as shown in FIG.7 and 
FIG.8, is a well-known step-type multimode plastic op- 
tical fiber having a core 6b and a clad 6c which have 
different index of refraction and are formed coaxially. 
[0032] Each ferrule 15 is cylindrically formed with 
steppingly changing outside diameters. Each ferrule 15 
is fixed with the optical fiber 6, while covering the optical 
fiber 6 in a state of the end face 6a of the optical fiber 6 
being exposed. 

[0033] The ferrule 1 5 integrally has a base end portion 
1 5a remotest from the above end face 6a of the optical 
fiber 6, a circular ring portion 15b projecting in a radial 
direction from the base end portion's end nearer the end 
face 6a, a middle portion 15c continuing from a face of 
the circular ring portion 15b and having a diameter 
smaller than that of the above base end portion 1 5a, and 
a front end portion 15d continuing from the end of the 
middle portion 15c and having a diameter smaller than 
that of the middle portion 1 5c. 

[0034] The base end portion 1 5a, the circular ring por- 
tion 15b, the middle portion 15c, and the front end por- 
tion 1 5d are arranged coaxially. 
[0035] The plug housing 1 7 is formed of synthetic res- 
in in a box-shape. The plug housing 17 has two accom- 
modating chambers 1 7a therein, which accommodating 
chambers 1 7a each have end openings at the respec- 
tive axial ends. These accommodating chambers 17a 
are partitioned off each other by a partition wall 16. 
[0036] The ferrule 15 having the optical fiber 6 is in- 
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serted into each accommodating chamber 1 7a. And, the 
accommodating chamber 1 7a has a step portion 1 7b to 
abut the circular ring portion 15b when the ferrule 15 is 
accommodated. 

[0037] And, the plug housing 17 has engaging holes 
17c bored through the external wall. The engaging hole 
17c is provided on the end portion of the plug housing 
17 neat the base end portion of the ferrule 15. 
[0038] The spring cap 18 is formed of synthetic resin 
generally tabularly. The spring cap 18 has a pair of op- 
tical fiber through-holes 1 8b and a plurality of engaging 
claws 18a on the peripheral portion. The engaging claw 
18a engages the engaging hole 1 7c. The optical fiber 6 
is put through the optical fiber through-hole 1 8b. 
[0039] And, between the circular tube portion 1 5b and 
the spring cap 1 8, a coil spring 1 9 to energize the ferrule 
15 toward the step portion 1 7b is provided on the ferrule 
15. The coil spring 19 is arranged in a state of the base 
end portion 15a being put therethrough. 
[0040] The above optical plug 5 is assembled as fol- 
lows. The base end portion 15a of the ferrule 15 is put 
through the coil spring 19, and the coil spring 19 is abut- 
ted againstthe circular ring portion 1 5b. The optical fiber 
6 is put through the optical fiber through-hole 18b of the 
spring cap 18. 

[0041] And, the optical fiber 6 is secured to the ferrule 
15. The ferrule 15 is insert into the accommodating 
chamber 1 7a. The spring cap 1 8 is attached to the plug 
housing 17, while engaging the engaging claws 18a to 
the respective engaging holes 17c. 
[0042] The receptacle 3, as shown in FIG.2, has a 
housing 7 of synthetic resin, a receiving device 4a (FIG. 
7) as the receiving module, a transmitting device 4b 
(FIG.8) as the transmitting module, and a pair of sleeves 
1. 

[0043] The housing 7 is formed in a box-shape. The 
housing 7 has a pair of accommodating chambers 8 
(FIG.2) opening in the external wall, a pair of mediating 
pipes 12 communicating with the respective accommo- 
dating chambers, and an opening portion 13 communi- 
cating with the mediating pipes 12 and the accommo- 
dating chambers 8. 

[0044] The mediating pipes 12 formed cyiindrically 
are arranged in parallel. The mediating pipes 12 are ar- 
ranged in parallel with the respective optical axes of the 
transmitting and receiving devices 4a,4b accommodat- 
ed in the respective accommodating chamber 8. 
[0045] Through the opening portion 13, the optical 
plug 5 couples with the receptacle 3. When the optical 
plug 5 couples with the receptacle 3, the end portion, of 
the mediating pipe 1 2, on the side of the opening portion 
13 is arranged between the peripheral surface of the 
front end portion 1 5d of the ferrule 1 5 and the inner sur- 
face of the accommodating chamber 17a of the plug 
housing 17. 

[0046] And, between the mediating pipe 12 and the 
accommodating chamber 8, a step portion 7a to abut a 
later-described the flange 31 of the sleeve 1 accommo- 



dated in the mediating pipe 12 is provided. 
[0047] Further, a cap 1 0 is attached to the housing 7. 
The cap 1 0 covers the openings of the accommodating 
chambers 8, while covering the receiving device 4a and 
5 the transmitting device 4b accommodated in the accom- 
modating chambers 8. 

[0048] The receiving device 4a and the transmitting 
device 4b are accommodated in the respective accom- 
modating chambers 8. The receiving device 4a has a 

10 light-receiving surface 4c (FIG.7) to receiver the signal 
light and converts the received signal light into the elec- 
trical signal. The transmitting device 4b converts the 
electrical signal into the signal light and has a light-emit- 
ting surface 4d (FIG.8) to emit the signal light. 

15 [0049] The sleeve 1 is formed, for example, by the in- 
jection molding with synthetic resin such as Polymeth- 
ylmethacrylate (PMMA), transparent polycarbonate 
(PC), or Cycloolefin. The sleeve 1 , as shown in FIG.3 to 
FIG.6, integrally has a light-leading path 26 in a flat- 

20 headed conic shape, a peripheral projecting portion 27, 
an outer tube portion 28, and a the flange 31 . 
[0050] A small-diameter end face 29 of the light-lead- 
ing path 26, as shown in FIG.7 and FIG.8, is smaller 
than the light-receiving surface 4c of the receiving de- 

25 vice 4a and larger than the light-emitting surface 4d of 
the transmitting device 4b. The above end face 29 is 
arranged in a state of facing t,he light- receiving surface 
4c or the light-emitting surface 4d so that the end face 
29 can be optically connected with the transmitting de- 

30 vice 4b or the receiving device 4a. 

[0051] And, the light-leading path 26 is arranged in a 
state of an end face 32, on the side of the other end 
portion 30 with a larger diameter, facing the end face 6a 
of the optical fiber 6. That is, the end face 32 is optically 

35 connected with the optical fiber 6. The light-leading path 
26 has a lens 35 integrally with the end face 32. 
[0052] The lens 35 is formed convexly with a defined 
radius of curvature toward the optical fiber 6 from the 
end face 32. In the present embodiment, the lens 35 is 

40 a spherical one. This lens 35 attains an efficient trans- 
mission of the signal light. And, the lens 35 does not 
project over an end face 33b of the outer tube portion 28. 
[0053] The peripheral projecting portion 27 projects 
from the peripheral surface of the other end portion 30 

45 of the light-leading path 26 in a radial direction thereof. 
The peripheral projecting portion 27 is formed circularly 
around the optical axis P of the light-leading path 26. 
[0054] The outer tube portion 28 extends from the pe- 
ripheral portion of the peripheral projecting portion 27 

50 toward the end face 29. The outer tube portion 28 covers 
the entire light-leading path 26 along the optical axis P. 
An end face 33a of the outer tube portion 28 is generally 
flush with the above end face 29. The outside diameter 
of the outer tube portion 28 is the same over the entire 

55 length thereof. The center line of the outer tube portion 
28 agrees with the optical axis P. The light-leading path 
26, the peripheral projecting portion 27, and the outer 
tube portion 28 are formed coaxially. 
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[0055] The flange 31 projects circularly in a radial di- 
rection from the peripheral surface of the outer tube por- 
tion 28. The flange 31 is provided on a generally longi- 
tudinal center of the outer tube portion 28 circularly 
around the optical axis P. The flange 31 is formed coax- 
ially with the light-leading path 26, the peripheral pro- 
jecting portion 27, and the outer tube portion 28. 
[0056] The sleeve 1 is accommodated in the mediat- 
ing pipe 12 such that the lens 35 abuts the end face 6a 
of the optical fiber 6, that is, such that a pair of end faces 
29 abut the respective transmitting and receiving devic- 
es 4b,4a. In this state, the above flanges 31 abut the 
step portions 7a. 

[0057] The receptacle 3 with the above structure is as- 
sembled as follows. The sleeve 1 is inserted in the trans- 
ferring tube 12 from the upper side (FIG. 2) thereof. 
Here, at this time, the lens 35 is inserted in the mediating 
pipe 12 such that the lens 35 is positioned on the side 
of the opening portion 13 and the end face 29 is posi- 
tioned on the side of the accommodating chamber 8. 
And, the receiving device 4a and the transmitting device 
4b are accommodated in the respective accommodat- 
ing chambers 8. And then, the cap 10 is attached on the 
housing 7. In this state of the receptacle 3, the recepta- 
cle 3 and the optical plug 5 are coupled. 
[0058] On the other hand, after the above coupling, 
the sleeve 1 abuts the step portion 7a in the receptacle 
3 as shown in FIG.2. And, a distance between the fer- 
rules 1 5 and the respective receiving device 4a and the 
transmitting device 4b are kept in minimum so that a dis- 
tance loss in the optical axis P direction can be the min- 
imum. 

[0059] Next, a state of transmitting the signal light 
from the optical fiber 6 to the receiving device 4a through 
the sleeve 1 with reference to FIG. 7. As shown by ar- 
rows, the lights C1 ,C2 having transmitted in the optical 
fiber 6 while repeating total reflection are emitted from 
the end face 6a (the light-emitting surface) of the optical 
fiber 6 and enter the sleeve 1 through the lens 35. Then, 
since the side portion 25 of the light- leading path 26 is 
tapered toward the receiving device 4a and further the 
side portion 25 is contacting with the air, the lights C1 , 
C2 are gradually gathered, thereby entering the light- 
receiving surface 4c of the receiving device 4a without 
a loss. 

[0060] On the other hand, a state of transmitting the 
light from the transmitting device 4b to the optical fiber 
6 through the sleeve 1 is shown by an arrow in FIG. 8. 
That is, the light C3 emitted, for example, from a LED 
(also including the laser light) and then emitted from the 
light-emitting surface 4d of the transmitting device 4b 
enters the sleeve 1 through the end face 29 of the sleeve 
1 . And, similarly to the light C3, the LED light C3 arrives 
at the lens 35 due to the tapered side portion 25 of the 
light-leading path 26 and the contact with the air, while 
spreading total reflection. And, the LED light C3 is gath- 
ered by the lens 35 and enters the optical fiber 6 without 
a loss through the end face 6a (the light-receiving sur- 



face) of the optical fiber 6. 

[0061] The sleeve 1 has the light-leading path 26 hav- 
ing the tapered side portion as shown in FIG. 8. In this 
case, the number of the total reflection of the LED light 

5 C3, in the light-leading path 26, having entered the light- 
leading path 26 through the end face 29 is smaller than 
that of the light, in the light-leading path 26, reaching the 
receiving device 4a show in FIG.7. The smaller number 
of the total reflection in the light-leading path 26 could 

10 improve transmission speed of the light C3 in the sleeve 
1. 

[0062] That is, even if the LED light C3, which has an 
entering angle larger than the critical angle ( 6 ) (FIG.9) 
of a cylindrical light-leading path, enters the sleeve 1, 
*5 the LED light C3 makes the total reflection due to the 
tapered side portion 25 of the light-leading path 26. Like 
this, a drop of the transmission efficiency of the signal 
light emitted from the transmitting device 4b can be pre- 
vented. 

20 [0063] And, a metal mold unit 40 shown in FIG. 10 is 
used for the injection molding of the sleeve 1 . The metal 
mold unit 40 has a first mold 41 , a second mold 42, a 
third mold 43, a fourth mold 44, and a fifth mold 45. 
[0064] The above molds 41 -45 can be assembled and 

25 disassembled and can form a cavity 46 for the sleeve 1 
as shown in FIG. 10. And, the molded sleeve 1 can be 
taken out of the cavity 46 by disassembling the molds. 
[0065] The first mold 41 has a molding portion 41 a 
along external forms of the above end face 32 and the 

30 lens 35. The second mold 42 and the fourth mold 44 
cooperate to form molding portions 42a, 44a along an 
external form of the outer tube portion 28. And, the sec- 
ond mold 42 has a gate 47 to supply the melted synthetic 
resin into the above cavity 46. 

35 [0066] Here, the above first mold 41 , the second mold 
42, and the fourth mold 43 constitute the first metal mold. 
The above molding portions 41a,42a,44a constitute a 
first molding portion along external forms of the outer 
tube portion 28 and the other end portion 30 of the 

40 sleeve 1. 

[0067] The third mold 43 has a molding portion 43a 
as a second molding portion along the inner surface of 
the outer tube portion 28, the peripheral surface of the 
light-leading path 26, and the surface of the peripheral 
45 projecting portion 27. The molding portion 43a is made 
of a hard material such as the SKH steel or the super 
steel. 

[0068] Here, the SKH steel is a highspeed tool steel 
standardized by JIS (Japanese Industrial Standard) 

so G4403, and the super steel is, for example, the SKS 
steel standardized by JIS G4404. The fifth mold 45 is 
cylindrically formed, which outside diameter is almost 
the same as the inside diameter of the third mold 43, 
and has a molding portion 45a along the above end face 

55 29. Here, the third mold 43 and the fifth mold 45 consti- 
tute the second metal mold. 

[0069] According to the present embodiment, as de- 
scribe with referring to FIG.1 to FIG.9, since the sleeve 
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1 has the light-leading path 26 and the lens 35, the trans- 
mission efficiency of the signal light can be improved. 
[0070] Owing to the peripheral projecting portion 27 
and the outer tube portion 28, the optical connector 2 
can be assembled in a state that the sleeve 1 is accom- 
modated and positioned in the mediating pipe 12 of the 
housing 7, thereby improving productivity of the optical 
connector 2 with the sleeve 1 and reducing the cost 
thereof by reducing man-hour for the assembly work 
and simplifying the manufacturing process. 
[0071] And, because the outer tube portion 28 ex- 
tends over the entire length of the light-leading path 26, 
the sleeve 1 can be prevented from deflecting in the me- 
diating pipe 12, thereby improving the transmission ef- 
ficiency between the sleeve 1 and the optical fiber 6, the 
sleeve 1 and the transmitting device 4b, and the sleeve 
1 and the receiving device 4a; that is, improving the 
transmission efficiency of the optical connector 2 with 
the sleeve 1 . 

[0072] Further, because the sleeve 1 is integrally 
formed of a transmissible synthetic resin material, the 
productivity thereof can be improved. And, because the 
molding portion 43a of the third mold 43 is made of the 
hard material, the sleeve 1 with the above structure can 
be molded securely. 

[0073] And, because an optical connection efficiency 
can be easily calculated by using an optics calculation 
software for the structure of the sleeve 1 with the light- 
leading path 26, the lens 35 and the like, dimensions 
optimizing the optical connection efficiency can be eas- 
ily obtained. 

[0074] In the present embodiment, though the optical 
fiber 6 is of a step type, an optical fiber of a gray dead 
type may be used. And, the lens 35 may be an aspher- 
ical lens having a plurality of radii of curvature. 
[0075] Further, although the present invention has 
been fully described by way of examples with reference 
to the accompanying drawings, it is to be noted that var- 
ious changes and modifications will be apparent to 
those skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
present invention, they should be construed as being 
included therein. 



path; and 

an outer tube portion extending in an optical ax- 
is direction of the light-leading path from a pe- 
ripheral portion of the peripheral projecting por- 
5 tion toward the small-diameter end face while 

covering an entire length of the light-leading 
path. 

2. The sleeve as set forth in claim 1 , wherein 

10 

the peripheral projecting portion is circularly 
formed coaxially with the light-leading path, 
and 

the outer tube portion is cylindrically formed co- 
15 axially with the light-leading path. 

3. The sleeve as set forth in claim 2, wherein 

an outside diameter of the outer tube portion 
is equally formed over an entire length of the light- 
20 leading path. 

4. The sleeve as set forth in claim 1 , wherein 

the outer tube portion has a flange projecting 
circularly in a radial direction from a peripheral sur- 
25 face thereof. 

5. The sleeve as set forth in claim 1 , wherein 

a lens is formed integrally with said another 
end portion of the light-leading path convexly to- 
30 ward the optical fiber. 

6. The sleeve as set forth in claim 5, wherein 

the lens does not project over an optical fiber 
side end of the outer tube portion. 



35 

7. The sleeve as set forth in claim 1 , wherein 

an end face of said another end portion of the 
light-leading path is a light- receiving surface to 
40 receive light transmitted by the opticalfiber, and 

a diameter of the light-receiving surface is larg- 
er than a diameter of a light-emitting surface 
being an end face of the optical fiber. 



Claims 

1. A sleeve arranged between an optical fiber and a 
transmitting or receiving module for optically con- 
necting the optical fiber and the transmitting or re- 
ceiving module, said sleeve comprising: 

a light-leading path being in a flat- headed conic 
shape having a small-diameter end face facing 
the transmitting or receiving module; 
a peripheral projecting portion projecting in a 
radial direction from another end portion, being 
on a side of the optical fiber, of the light-leading 



45 8. The sleeve as set forth in claim 1 , wherein 

the small-diameter end face of the light-leading 
path is a light-emitting surface to emit light 
transmitted to the receiving module, and 
50 a diameter of the light-emitting surface is small- 

er than a diameter of a light- receiving surface 
of the receiving module. 

9. The sleeve as set forth in any one of claims 1-6, 
55 wherein 

the small-diameter end face of the light-leading 
path is a light-receiving surface to receive light 
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transmitted from the transmitting module, and 
a diameter of the light-receiving surface is larg- 
er than a diameter of a light-emitting surface of 
the transmitting module. 

5 

10. A method of manufacturing a sleeve arranged be- 
tween an optical fiber and a transmitting or receiving 
module for optically connecting the optical fiber and 
the transmitting or receiving module, said sleeve 
comprising: 10 

a light-leading path being in aflat-headed conic 
shape having a small-diameter end face facing 
the transmitting or receiving module; 
a peripheral projecting portion projecting circu- 15 
larly in a radial direction from another end por- 
tion, being on a side of the optical fiber, of the 
light-leading path; and 

an outer tube portion extending in an optical ax- 
is direction of the light-leading path from a pe- 20 
ripheral portion of the peripheral projecting por- 
tion toward the small-diameter end face while 
covering an entire length of the light-leading 
path, comprising the step of: 

25 

setting 

a first metal mold having a first molding por- 
tion being along an external shape of said 
another end portion of the light-leading 
path of the sleeve and along an external 30 
shape of the outer tube portion and 
a second metal mold having a second 
molding portion made of hard material and 
being along an inner surface of the outer 
tube portion and along a peripheral surface 35 
of the light-leading path. 
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